INTRODUCTION
Anaerobic digestion is an attractive process for treating high organic concentration of lipid waste, especially those generated by food industries; for example, from the sugar manufacturing 1 , starch 2 and brewery 3 . There are several advantages of the anaerobic digestion over the traditional aerobic treatment, including the no need for aeration and the low sludge production 4, 5 . However, for some lipid waste which contain large amounts of fat, such as dairy wastewater, anaerobic digestion was found to be troublesome, due to the potential of sludge flotation, the formation of fat scum layers at the surface of the reactor, which did not digest in addition to the inhibition/toxicity effects of the intermediate compounds long-chain fatty acid generated during the anaerobic digestion of grease waste 5, 6 .
To overcome such limitations, several strategies have been proposed, including lipids removal prior to the biodigestion by physical methods or pretreatment steps chemical or biochemical for increasing lipids liquefaction and bioavailability for anaerobic microorganisms 6, 7 . Among these, the alternative of using the biochemical route specific enzymes, lipases has, recently, potentially gained more attention because of stringent environmental regulations and clean and friendly application of enzymes 6, 8 .
Lipases triacylglycerol ester hydrolases, E.C. 3.1.1.3 are enzymes that catalyze the hydrolysis of triacylglycerol to glycerol and free fatty acids FFA 8, 9 . Interfacial activation of lipases occurs at the lipid-water interface, a phenomenon that can be traced to the unique structural characteristics of these hydrolytic enzymes. These enzymes showed to be a very promising alternative for degrading rich-lipids waste generated by dairy and slaughterhouses industries 6, 10 12 . In addition, the application of lipases for lipid waste pretreatment decreases the organic matter concentration, color and suspended solids 6, 12 . The present work proposes the study of the enzymatic hydrolysis stage on the oil and grease present in a by-product from the vegetable oil refining industry soap stock using a novel Staphylococcus haemolyticus strain, a producer of a thermotolerant and alcalophilic lipase, which could degrades oil and grease Abstract: A novel alcalophilic Staphylococcus haemolyticus strain with the lipolytic activity was used to perform enzymatic hydrolysis pretreatment of soap stock: a lipid rich solid waste from an oil refining industry. The culture liquid of the selected bacteria and an enzymatic preparation obtained by precipitation with ammonium sulphate from a filtrate of the same culture liquid were used for enzymatic pretreatment. The hydrolysis was carried with different incubation concentrations (10, 20 and 30%) of soap stock and the pretreatment efficiency was verified by running comparative biodegradability tests (crude and treated lipid waste). All pretreated assays showed higher reaction rate compared to crude lipid waste, which was confirmed by the increased levels of biogas production. The pretreatment of solutions containing 10% emulsified soap stock was optimized for 24 h hydrolysis time, enabling high-biogaz formation (800 ml). The use of enzymatic pre-treatment seemed to be a very promising alternative for treating soap stock having high fat contents.
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EXPERIMENTAL

Industrial by-product
The by-product from sunflower oil refining, commercially codified as soap stock, was kindly provided by an oil refining industry Agrimed, Sfax, Tunisia and stored at 20 until use. The soap stock results from the neutralization process represents an alcalophilic solution pH 11 , mainly approximatively composed by water 50 , soaps 10 , and acylglycerols monoacylglycerols and diacylglycerols: 5 , triacylglycerols: 35 .
Chemicals
Potassium chloride, sodium chloride, cupric acetate monohydrate, orthophosphoric acid, iodine, boron trifluoride-methanol MeOH-BF 3 solution 14 in methanol , sodium methoxide MeONa solution ACS reagent, 0.5 M in methanol and hydrochloric acid were purchased from Sigma Aldrich. Thin layer silica gel 60 plates 10 20 cm from Merck were used for the separation of the lipids. All solvents were purchased from Peypin, France and were of HPLC grade. Lipid standards : 1,2-Diolein was purchased from Larodan Fine Chemicals Malmö, Sweden . Triolein, oleic acid were purchased from Sigma Aldrich.
Microorganism identi cation
The identification of the bacterial strain ESW has been previously determined in our laboratory. The methods used for 16S rRNA gene amplification and sequencing have been previously reported 11, 12 . Sequence data were imported into the sequence editor BioEdit version 5.0.9. The full sequence was aligned using the RDP Sequence Aligner program 13 . The consensus sequence was manually adjusted to conform to the 16S rRNA secondary structure model. Sequences used in the phylogenetic analysis were obtained from the RDP and GenBank databases 13, 14 . Positions of sequence and alignment ambiguity were omitted and pairwise evolutionary distances were calculated using the method of Jukes and Cantor 15 . Strain ESW was affiliated to Staphylococcus genus and designed as Staphylococcus haemolyticus strain. The strain was kept in LB medium, refrigerated at 4 and replicatedevery 3 months.
Media and culture conditions
Staphylococcus haemolyticus was grown overnight at 37 and 200 rpm in a liquid medium autoclaved at 121 for 20 min. containing per liter: 5 g yeast extract, 10 g NaCl, 10 g peptone, 1 sunflower oil; pH 7.0. 14 h Staphylococcus haemolyticus culture was used as inocula for lipase production. Cultivation was also performed in a fermenter in a volume of 10 l . A 24 h culture of Staphylococcus haemolyticus was used as inocula added in amounts of 2-3 v/v of the medium volume. During cultivation, pH of the culture liquid was controled. After the end of cultivation, the culture was centrifuged at 12 000 rpm for 15 min at 4 , and the cell-free supernatants were used for measuring lipase activity. LipESW, a preparation of lipase, was obtained from the supernatant of the liquid culture of Staphylococcus haemolyticus by precipitation with ammonium sulphate at 4-6 . Moreover, some experiments were realized in culture media composed only by soap stock.
Lipolytic activity assay
The lipase activity in the culture liquid and the preparations was assayed by measuring the free fatty acids released from mechanically stirred emulsions of triacylglycerols, using 0.1 N NaOH with a pH-Stat Metrohm, Switzerland . The kinetic assay was performed, in optimal conditions pH 12.0 and 60 using 0.25 ml TC 4 Sigma in 30 ml 2.5 mM Tris-HCl, 150 mM NaCl and 0.5 mM Sodium deoxycholate NaDC or in olive oil emulsion obtained by mixing 3 30 s in a Waring blender , 10 ml of olive oil Sfax-huile, Tunisia in 90 ml of 10 GA Gum Arabic . One lipase unit corresponds to 1 μmol of fatty acid released per minute l6 .
Soap Stock enzymatic hydrolysis
Hydrolysis of neutral fat of soap stock with enzymatic preparations was performed by incubation at 37 and mixing with stirring rod at a rotation speed of 200 rpm over 48 h. To study the degree of utilization during cultivation, soap stock was added to the medium at a known volume ratio. In studies of the degree of soap stock utilization, the activity of lipase was measured by the acid number of oil obtained from soap stock by hydrolysis of neutral fat. The acid number was determined by titration and expressed in mg of KOH necessary for neutralization of free acids contained in 1 g of the compound studied. The alcohol solution of KOH 0.1 N was used for titration as described in 17 . The percentage of free fatty acids was calculated per unit of oleic acid whose neutralization number is 198.75. An analysis of soap stock was performed by its decomposition with 5-10 sulfuric acid.
Lipid extraction and separation
Aliquots 1 mL of the soap stock dispersion were collected from the fermenter at different times of incubation and lipolysis was stopped by adding 200 μL of 1 M HCl. Total fat was separated in to neutral fat steryl esters SE , triacylglycerols TAG , cholesterol CHL , diacylglycerols DAG , free fatty acids FFA and monoacylglycerols MAG and polar fats, by the solvent method with petroleum ether as basal phase and methanol as recovery phase 18 . To separate neutral lipid classes, 1 to 50 μL of neutral lipid extracts or lipid standards at known concentrations were first spotted as 5-mm bands onto a thin layer silica plate. The elution of the lipids was then performed in one step with a hexane/ diethyl ether/formic acid 55:45:1, v/v/v solvent mixture with diolein, triolein and oleic acid as standards. Following chromatography, the plates were dried at room temperature for 10 min and then immediately sprayed with a cupric acetate-orthophosphoric acid solution prepared by mixing a saturated aqueous solution of cupric acetate with 85 phosphoric acid in a 1-to-1 volume ratio. The plates were then placed in an oven to ensure heating at 110 for 10 min.
Biogas levels assay tests
Anaerobic biodegradability batch assays were performed in closed glass flasks with a total volume of 500 mL. It was operated at 37 and shaken continuously. Gas volume was measured by seringe-piston displacement. Acclimated anaerobic sludge 50 mL was transferred into flasks containing crude and pretreated soap stock having increasing levels of free fatty acids FFA , which were obtained by changing the initial concentration of soap stock and also changing the pretreated method used for the enzymatic hydrolysis filtrate of the culture liquid or the enzymatic preparation obtained by precipitation with ammonium sulphate , as follows: E10, E20 and E30 10 , 20 and 30 of soap stock solutions treated by enzymatic preparation , S10, S20 and S30 10 , 20 and 30 of soap stock solutions treated by culture liquid . The tests were carried out in duplicate under batch mode for a minimum period of 40 days and gentle agitation 100 rpm . Before closing, the bottles were flushed with nitrogen gas N2 to remove the air in the flask head prior to incubation; the temperature was maintained at 37 1 . Control assays were also carried out to evaluate the biodegradability for crude soap stock G1 .
RESULTS AND DISCUSSION
3.1 Soap stock decomposition with ltrate of the culture liquid of Staphylococcus haemolyticus strain Decomposition of soapstock from sunflower oil refining containing 20 fat with and acid number of 127.3 was investigated using filtrates of the culture liquid of Staphylococcus haemolyticus. Soap stock was emulsified with TrisHCl buffer pH 8.0 at a soap stock/buffer ratio of 1 : 2 w/ v . Soap stock has an alkaline pH, this range of pH represents an optimum for Staphylococcus haemolyticus to display its activity pH of 11.5-12.0 18 . Incubation of soap stock emulsion with various volumes of the filtrate of the culture liquid with a activity of 15 units/ml showed that the highest rate of hydrolysis of neutral fat was observed in filtrates at the culture liquid/diluted soap stock ratio 5 : 1 data not shown . In this case, the acid number was 176.00 mg of KOH, and the rate of hydrolysis of neutral fat was 90 . Similar results were reported for slaughterhouse wastewater samples containing between 2.5 and 3.0 g/L of lipids pretreated with pancreatic lipase PL-250 for 4 h at room temperature 19 . According to these authors, the proposed pretreatment reduced the average particle size to 60 and increased the long-chain fatty acid concentrations, indicating partial solubilization of the pork fat particules in the slaughterhouse wastewater. The rate of hydrolysis of soap stock fat did not change significantly when tap water was used instead of the buffer for emulsifying the soap stock. Therefore, tap water was used for dilution of soap stock in further experiments.
3.2 Decomposition of soap stock by lipESW: an enzymatic preparation of lipase from Staphylococcus haemolyticus culture Degradation of soap stock by lipESW, an enzymatic preparation of lipase with an activity of 250 units/g, was studied in further experiments. The enzyme added in amounts of 1 of the weighed portion of emulsified soap stock in the reaction mixture. Our results showed that the highest rate of hydrolysis up to 87.50 was observed in samples with a threefold dilution of soap stock with water. The acid number was equal to 175.0 mg of KOH. The addition of mineral salts, mainly 0.5 CaCl 2 to water caused no significant effect. However, the highest rate of hydrolysis was found in the samples without salts. There was the same optimum pH 12.00 for hydrolysis as that found in hydrolysis of soap stock with the liquid culture data not shown .
3.3 Effect of the concentration of soap stock and the duration of culture on the rate of hydrolysis of neutral fat The rate of soap stock hydrolysis was 90 after 24 h of cultivation of the bacteria in the presence of 10 of soap stock with 20 fat in the medium . With an increase in the concentration of soap stock in the medium, the rate of hydrolysis decreased Fig. 1 . Thus, to achieve the complete hydrolysis of fat and the highest yield of products, it was advisable to increase the duration of cultivation of Staphylococcus haemolyticus in the medium containing 20 and 30 soap stock. Results of these experiments showed that the increase of cultivation time of solutions containing 20 and 30 soap stock caused an increase in the rate of its hydrolysis. The rate of soap stock hydrolysis reach 90 after 36h and 48h of cultivation for solutions containing 20 and 30 soap stock, respectively Fig. 2 . 
Biogas levels assay tests
The cumulative biogas production and kinetic profiles attained in batch reactors fed with crude and enzymatically pretreated soap stock are shown in Fig. 3 . The biogas production from non pretreated soap stock was about 400 mL. Biogas formation for the pretreated soap stock was in the range of 800 to 900 mL for assays carried out with E10, S10, E20 and S20 preparations. Hydrolysis of lipids, could possibly stimulate the activity of anaerobic culture and thus facilitate faster anaerobic digestion process. In an anaerobic environment, lipids are first hydrolysed to glycerol and free fatty acids. This process is catalyzed by extracellular lipases that are excreted by the acidogenic bacteria. The further conversion of the hydrolysis products takes place in the bacterial cells. Glycerol is converted to acetate by acidogenesis, while the free fatty acids are converted to acetate or propionate in the case of odd-number carbon and hydrogen through the β-oxidation pathway. This process depends on the ability of the hydrogenotrophic methanogens to utilize the hydrogen produced during fatty acid oxidation. Similar results were described for the hydrolysis of lipids present in slaughterhouse wastewater using a commercial lipase from Candida rugosa lipase 14 .
According to these authors, the pretreated wastewater generated five times more biogas volume 500 mL than the crude wastewater 107 mL . For 30 soap stock solutions higher amounts of lipids : E30 and S30 , enzymatic hydrolysis seems to be non efficient. In fact levels of biogas formation was the same of the non pretreated solution the control . This inhibition was probably due to the accumulation of intermediates like long chain fatty acids, even for high lipid concentrations.
3.5 TLC analysis after soap stock hydrolysis by the liquid culture liquid of Staphylococcus haemolyticus In order to confirm the hydrolysis of soap stock by the liquid culture of Staphylococcus haemolyticus, aliquots 1 mL of the reaction medium were collected from the fermentor at different time of hydrolysis and lipids were extracted and separated by TLC. Figure 4 shows the lipolysis products of soap stock when this substrate is hydrolysed by lipase produced in the culture of Staphylococcus haemolyticus. After the first 12 h of incubation, around 50 of the triacylglycerols TAG already appeared to be converted into free fatty acids FFA . After 24 h, TAG was totally hydrolyzed; diacylglycerols DAG and free fatty The acid number was determined by titration and expressed in mg of KOH necessary for neutralization of free acids contained in 1 g of the compound studied. The alcohol solution of KOH (0.1 N) was used for titration as described in 17). The percentage of free fatty acids was calculated per unit of oleic acid whose neutralization number is 198.75.
acids were accumulated proportionlly in the reaction medium. After 48 h, Spot signals on the TLC plate clearly showed that TAG was all degraded and converted into FFA.
CONCLUSION
In this work we have shown that the use of Staphylococcus haemolyticus efficiently degraded soap stock a residual of an oil refining industry and can increase lipids liquefaction and bioavailability for anaerobic microorganisms. The influence of lipid concentration on hydrolysis and biomethanisation of a lipid-rich waste was evaluated. It appears also that coupling the lipids hydrolysis and anaerobic digestion represents an attractive solution in order to solve problems of low biodegradability and produce high levels of methane. 
